The purposes of this study were to assess whether discriminative control over conjunc FR 5 t1 < IRT < t2 responding would transfer to members of stimulus equivalence classes; whether a formal test for equivalence would be necessary for such transfer to occur; and to compare the effectiveness of derived discriminative control through symmetry, versus equivalence relations . In Experiment 1, 2 out of 6 subjects demonstrated the reliable transfer of stimulus functions prior to the test for equivalence; in Experiment 2, none of 5 subjects demonstrated the reliable transfer of stimulus functions prior to the test for equivalence, but 2 did so following the test for equivalence; and in Experiment 3, all 4 subjects demonstrated the reliable transfer of stimulus functions prior to the test for equivalence. No differences were observed between the derived control exerted by stimuli that had entered into symmetry relations with training stimuli , versus those that had entered into equivalence relations with training stimuli. It was concluded that behavior can appear to be temporally differentiated in the absence of direct conditioning.
A well-known phenomenon in the experimental analysis of behavior is the apparent transfer of stimulus functions to stimuli which share formal or physical characteristics, in the process known as stimulus generalization. Recently, it has become clear that stimulus functions can also transfer to stimuli wh ich share functional characteristics. Based on Goldiamond's (1962) definition, two or more stimuli that control the same response class are members of the same functional class. The transfer of a stimulus function from one class member to the other members is held to be the defining feature of a functional class, as any variable applied to one class member will affect the other members in the absence of direct training (Dube, McDonald, & Mcllvane, 1991) ; when such transfer is observed, the stimuli are held to be functionally equivalent . That responding generalizes to stimuli on the basis of both formal and functional similarity has profound implications, for organisms can come to emit effective and often very complex behavior in novel conditions.
In the phenomenon known as stimulus equivalence, stimulus classes consisting of previously unrelated stimuli can be developed by way of the conditional discrimination procedure known as matching-tosample (Sidman, 1971; Sidman & Cresson, 1973; Sidman, Cresson, & Willson-Morris, 1974; Sidman & Tailby, 1982) . Once such stimulus classes are developed, subjects are able to match members within each class to other members within the class even though they have had no direct training on those matches. For example, if subjects are trained to match comparison stimulus B1 to sample stimulus A 1, and comparison stimulus C1 to sample stimulus A 1, they are likely to match comparison stimulus A1 to sample stimulus B1, demonstrating derived symmetry, and sample or comparison stimulus B1 to sample or comparison stimulus C1, demonstrating derived equivalence, without additional training. Much recent evidence indicates that stimulus functions can transfer through stimulus equivalence classes, raising questions regarding the relation between functional classes and equivalence classes (see Sidman, 1994, pp. 447-448; Sidman, Wynne, Maguire, & Barnes, 1989) .
There have, to date, been several demonstrations of the transfer of stimulus functions through equivalence classes, including elicitive (Dougher, Augustson, Markham, Greenway, & Wulfert, 1994) , contextual (Gatch & Osborne, 1989; Lynch & Green, 1991; Wulfert & Hayes, 1988) , consequential (Greenway, Dougher, & Wulfert, 1996; ; and discriminative stimulus functions (Barnes & Keenan, 1993; Catania, Horne, & Lowe, 1989; de Rose, Mcllvane, Dube, Galpin, & Stoddard, 1988; de Rose, Mcllvane, Dube, & Stoddard, 1988; Green, Sigurdardottir, & Saunders, 1991; Lazar, 1977; Lazar & Kotlarchyk, 1986) . The use of the term "transfer" has been theoretically troubling for some researchers, as it may seem to denote an inferred mechanism which bridges the gap between functional classes and equivalence classes (Sidman, 1994, p. 418) . Sidman (1994, p. 392) has proposed instead to discuss findings from such studies as the union of stimulus classes, on the grounds that such an explanation is more logical and parsimonious than alternative transfer accounts. For this reason, it is important that the term "transfer" be used simply to refer to the untrained acquisition of stimulus functions, as suggested by , such that insinuations of hypothetical processes are avoided. Despite the controversy surrounding descriptions of findings, it is clear that the acquisition of novel functions by equivalence classmembers has expanded the scope of stimulus class investigations.
Of those reports of the transfer of discriminative functions, two studies in particular have focused on the transfer of control that is of a temporal nature; that is, derived control by stimuli in the presence of which temporal properties of responding appear to be differentiated. Catania et al. (1989) demonstrated the transfer of discriminative control over high-rate and lowrate responding through symmetry relations, and Barnes and Keenan (1993) extended the demonstration of Catania et al. (1989) of derived control over high-rate and low-rate responding, through equivalence relations only. Several studies have shown that interresponse times (I RTs) , or the times between successive responses, can be brought under operant control (e.g., Galbicka & Branch, 1981; Galbicka & Platt, 1984; Kuch & Platt, 1976; Platt, 1979; Wearden & Shimp, 1985; Zeiler, 1977; Zeiler, Scott, & Hoyert, 1987) . The extent to which stimuli can acquire control over such temporally differentiated behavior in the absence of direct conditioning has yet to be addressed, however. In light of the growing body of evidence confirming that stimulus functions do, in fact, transfer through equivalence relations, it is reasonable to suspect that equivalence class-members may come to exert untrained control over such temporal features of responding.
The primary aim of the present study was to examine whether discriminative control over I RTs would transfer to members of equivalence classes. In t1 < IRT < t2 reinforcement schedules, reinforcement is contingent upon IRTs that fall between lower and upper bounds (Zeiler, 1977) . In this study, conjunc FR 5 t1 < IRT < t2 reinforcement schedules were used, in which reinforcement was contingent upon the IRTs within a string of five responses falling between particular lower and upper bounds. There are two important reasons that a demonstration of untrained temporal differentiation of this sort is believed to be important: First, that stimuli specify a time requirement before, within, or after which responses must occur is an important stimulus function that is prevalent in many forms of complex behavior, and it is reasonable to suspect that much discriminative control over human timing is verbal. The verbal community reinforces correspondences between verbal stimuli and temporal properties of behavior, as when we are instructed to complete a task within a certain period of time (see Catania, 1970, p. 34) . For example, under one set of conditions behavior may be under control of the command, "Hurry up and finish," in which case the IRTs within a series of responses comprising a task are likely to be relatively short in duration. Under another set of conditions, behavior may be under control of the command, 'Take your time and do a good job," in which case the IRTs within the series of responses compriSing the task are likely to be relatively mOderate-to-long in duration. Because much control over human timing may be verbal, it is further reasonable to suspect that much control of this sort is derived or untrained. Second, IRTs have proven to be sensitive measures of environmental manipulations in other areas of research (e.g., see McMillan & Campbell, 1970; Shimp, 1982) , so it is possible that they will similarly yield useful information regarding stimulus class development.
A second objective of the present study was to assess whether an equivalence test would be necessary for the transfer of discriminative control over conjunc FR 5 t1 < I RT < t2 responding to be demonstrated.
Some controversy currently exists as to whether equivalence tests are necessary for the transfer of stimulus functions to occur. Delayed emergence of untrained conditional relations has been an occasional finding in equivalence studies (e.g., Devany, Hayes, & Nelson, 1986; Sidman, Willson-Morris, & Kirk, 1986; Spradlin, Cotter, & Baxley, 1973) , leading to the notion that equivalence classes emerge when they are tested (Sidman, 1994; but see Mcllvane & Dube, 1990) . In accordance with this view, it is plausible that the transfer of stimulus functions can be demonstrated only following an equivalence test. Two studies to date have produced results to the contrary, however. Hayes et al. (1991) and Wulfert and Hayes (1988) demonstrated positive transfer test results prior to tests for equivalence, indicating that the formal demonstration of equivalence relations is not necessary for stimulus functions to transfer. In addition, it has been acknowledged (Barnes & Keenan, 1993 ) that the transfer of functions through equivalence relations following tests for equivalence is not reflective of "genuine" transfer of function, as the Band C stimuli are directly paired during equivalence tests and the functions can transfer through a second-order, respondent-like process. In the three experiments reported, transfer tests were conducted prior to the equivalence tests. In Experiments 2 and 3, subjects who failed to demonstrate criterion performance on the transfer test were retested for transfer of function following the equivalence test, but "genuine" transfer test results were considered only those that were obtained prior to the equivalence test. A third goal of the present study was to compare the effectiveness with which stimulus functions might transfer through symmetry versus equivalence relations. It has been noted (Barnes & Keenan, 1993; Dougher et aI., 1994) that the transfer of functions through symmetry relations is not a convincing demonstration of derived control, for the same reason that positive transfer test results following equivalence tests are not considered to be indicative of "genuine" transfer of function: Stimuli that enter into symmetry relations are directly paired during training, and transfer may be due to a respondent-like, stimulus compounding effect. Stimuli that enter into equivalence relations, however, have been related only indirectly during training, and thus the transfer of stimulus functions through equivalence relations may be considered a more unequivocal demonstration of derived stimulus control. It is conceivable, then, that the transfer of functions through symmetry relations might occur more completely or effectively than the transfer of functions through equivalence relations. In the three experiments reported, comparisons were made between the derived control exerted by test stimuli that were in symmetry relations, versus equivalence relations, with training stimuli. Because all of the stimuli were directly paired during the symmetry and equivalence tests, these comparisons were only relevant for subjects' performances on the first transfer test, which preceded the symmetry and equivalence tests.
However, the decision to test for the transfer of function through symmetry relations was not made until 3 subjects had already completed Experiment 1; for this reason, these subjects were tested for the transfer of functions through equivalence relations only.
Experiment 1

Method
Participants
The subjects were 6 adults (3 males and 3 females) enrolled in undergraduate psychology courses and they were compensated with course credit and $10 for doing so. Payment was noncontingent upon performance. Participants were recruited through in-class announcements. To ensure that participants did not inform one another as to the nature of the experiment, they were recruited from a variety of courses and were asked not to share the details of the experiment with other students. Before the experiment, all participants signed a statement of informed consent and were informed that they could withdraw from the experiment at any time, although none chose to do so. Upon completion of the study, all participants were thoroughly debriefed.
Apparatus and Stimuli
Stimulus presentation and data collection were computer controlled. computer was centered on a 2 ft x 2 ft table. Experimental sessions were conducted in a 10-ft x 10-ft room containing a table and chair. The experiment was programmed in Microsoft Visual Basic (Version 3.0). As shown in Figure 1 , stimuli consisted of nine arbitrarily colored and patterned rectangular figures, 6-7 cm in length. The figures were arbitrarily divided into three stimulus classes. The colors and patterns of all figures were unique to each, such that a relationship formed between stimuli on the basis of physical similarity was not likely. During the conjunc FR 5 t1 < IRT < t2 training and retraining phases and the transfer test phase, stimuli were individually presented in the center of the screen. During the conditional discrimination training and symmetry and equivalence test phases, sample stimuli appeared in the top center of screen and comparison stimuli were displayed evenly spaced across the bottom of the screen. The locations of comparison stimuli varied randomly across trials. Sample stimuli were identical in all phases, except in the symmetry and equivalence test phases, during which the sample stimuli were stimuli that had previously been comparison stimuli during conditional discrimination training.
Procedure
The experiment consisted of nine phases, as illustrated in Figure  2 . Phase 1 consisted of a pretraining phase, in which responding was brought under fixed ratio (FR) 5 schedule control. In Phase 2, discriminative control over conjunc FR 5 t1 < IRT < t2 responding was established by three stimuli (B1, B2, and B3). Phase 3 consisted of the conditional discrimination training of three 3-member stimulus equivalence classes, in which the stimuli that were established as discriminative for conjunc FR 5 t1 < IRT < t2 responding in Phase 2 were presented as comparison stimuli. Phase 4 reestablished stimUlUS control over FR 5 t1 < IRT < t2 responding. Phase 5 tested for the transfer of function to six other members of the three stimulus equivalence classes established in Phase 3. Subjects who did not achieve criterion performance during Phase 5 were exposed to remedial conditional discrimination training in Phase 6, and they were then retested for the transfer of function in Phase 7. Phase 8 tested for the emergence of six derived symmetry relations, and Phase 9 tested for the emergence of six derived equivalence relations.
In Phases 1-4, all correct responses were reinforced. Reinforcement consisted of the delivery of one point accompanied by an auditory beep, and the statement "Good! 1 point!" Point totals were displayed in the lower left corner of the computer screen throughout Phases 1-7. Data were collected over the course of one session with each subject. Sessions lasted between 1.5 and 2.5 hr for all subjects. Subjects were given the following instructions before the experiment.
There are several sections to this experiment. Your job is to earn as many points as you can. It is important that you do your best and ATIEND CAREFULLY throughout the experiment.
Phase 1: Pre training. In a discrete-trials procedure, subjects were required to respond on an FR 5 in the presence of an arbitrarily configured stimulus that was not used in the subsequent phases of the experiment. Subjects were given the following instructions.
During the first part of this experiment there will be a figure presented in the top center of the screen. You must respond, by clicking the mouse, on each figure. If you respond correctly, you will earn a point. Your job is to earn as many pOints as you can. It is important that you ATIEND CAREFULLY.
Each trial consisted of the presentation of the stimulus. Reinforcement for a given trial was contingent upon completing the FR 5 requirement. The stimulus was removed during each reinforcer delivery. The phase ended after 15 reinforcer deliveries.
Phase 2: Con june FR 5 t1 < IRT < t2 training. During this phase, stimuli which would serve as comparison stimuli 81, 82, and 83 in conditional discrimination training were established as discriminative for responding on 1 of 3 conjunc FR 5 t1 < IRT < t2 schedules, as follows: In the presence of 81, a conjunc FR 5 0.0 < IRT < 0.3 s was in effect; in the presence of 82, a conjunc FR 5 0.5 < IRT < 1.5 s was in effect; and in the presence of 83, a conjunc FR 5 1.5 < IRT < 3 s was in effect. In other words, depending on which stimulus was present, the four IRTs within each string of five responses were to fall between specific lower and upper bounds. As in Phase 1, subjects were required to respond by clicking the mouse on each stimulus. The computer screen background was purple during this phase to establish a context for the required task.
Subjects were given the following instructions. Now you will earn points for timing your responses in certain ways. If you respond correctly, you will earn a point. Remember to ATIEND CAREFULLY.
The stimuli were presented in a discrete-trials procedure, with each stimulus presentation marking the onset of a new trial. Initially a correction procedure was in effect for each stimulus. If all of the IRTs of a given FR 5 did not meet the requirement of the schedule in effect, after the fifth response the screen darkened for a 3-s time-out period. The stimulus was then presented a second time. Stimuli were re-presented until all of the I RTs of the FR 5 met the requirement of the schedule in effect for that stimulus. Correct responding resulted in reinforcement. The initial order of the stimulus presentations was determined randomly.
After subjects earned five reinforcers per stimulus, the correction procedure was removed. Correct responding was reinforced and incorrect responding led to the next stimulus presentation. All trials were now separated by a 1-s intertrial interval. The order of the stimulus presentations was determined randomly, but each stimulus could be presented no more than five times per 15-trial block. The phase ended when subjects had responded correctly on 14/15 trials (93% correct per 15-trial block).
Phase 3: Conditional discrimination training. Phase 3 consisted of the conditional discrimination training of six relations (A 1-81, A2-82, A3-83, A 1-C1, A2-C2, and A3-C3). The computer screen background was blue during this phase to establish a context for the required task. 8efore Phase 3, subjects were given the following instructions.
In the next part of the experiment, you must click the mouse once on the figure that will appear in the center of the screen. Next, 3 figures will appear below the first figure. It is your job to choose one of the three figures. To choose one of the 3 figures, click the mouse once on the figure that is your choice. You will earn a point if you respond correctly. Please continue to ATTEND CAREFULLY.
The A-8 relations were trained first. Every trial began when a sample stimulus was presented in the center of the screen. Subjects were required to select one of three comparison stimuli (81, 82, or 83) in the presence one of three sample stimuli (A 1, A2, or A3). When subjects responded correctly, the sample stimulus and its matching comparison were outlined in black for 1.5 s, after which correct responses were reinforced. All trials were separated by a 1-s intertrial interval. The order of the sample stimulus presentations was determined randomly, but each sample stimulus could be presented no more than five times per 15-trial block.
After subjects had achieved a mastery criterion of 14/15 correct responses, or 93% correct per 15-trial block for the A-8 relations, the A-C relations were trained. The procedure for training these relations was identical to that used to train the A-8 relations, except that C1, C2, and C3 were presented as comparison stimuli. After subjects had responded correctly on 14/15 trials, or 93% correct per 15-trial block, the A-8 and A-C relations were trained together. The procedure for training these relations was identical to that used to train the A-8 and A-C relations separately, except that on a given trial 81, 82, and 83, or C1, C2, and C3 could be presented as comparison stimuli. The order of the sample stimulus presentations was determined randomly.
The phase ended when subjects had responded correctly on 28/30 trials, or 93% correct per 3D-trial block of the mixed A-8 and A-C trials.
Phase 4: Conjunc FR 5 t1 < IRT < t2 retraining. Discriminative control over conjunc FR 5 t1 < IRT < t2 responding was reestablished. Subjects received no instructions prior to retraining, but the computer screen background was purple to establish a context for the same task that was required during Phase 2. Phase 4 was identical to the discrimination procedure used in Phase 2 without the correction procedure. Retraining ended when subjects had responded correctly on 14/15 trials.
Phase 5: Test for transfer. The test for transfer of function was presented in 30-trial blocks, in which test probe trials were inserted into reinforced baseline trials. Reinforced baseline trials consisted of the presentation of stimuli B 1, B2, or B3, and test probe trials consisted of the presentation of stimuli C1, C2, or C3 for Subjects 1-3, and stimuli A 1, A2, A3, C1, C2, or C3 for Subjects 4-6. Probes consisting of the presentation of A 1, A2, and A3 tested for the transfer of function through symmetry relations, and probes consisting of the presentation of C1, C2, and C3 tested for the transfer of function through equivalence relations. Subjects were given no instructions prior to this phase, but the computer screen background was purple to establish a context for the same task that was required during Phases 2 and 4. All stimuli were presented in random order, but B 1, B2, and B3 could be presented no more than eight times each per 30-trial block for Subjects 1-3 and no more than six times each per 30-trial block for Subjects 4-6; C1, C2, and C3 could be presented no more than twice each per 30-trial block for Subjects 1-3; and A 1, A2, A3, C1, C2, and C3 could be presented no more than twice each per 30-trial block for Subjects 4-6. In other words, Subjects 1-3 were presented with a total of 6 probe trials per 30-trial block, and Subjects 4-6 were presented with a total of 12 probe trials per 30-trial block. Responding that met the requirement of the schedule in effect was reinforced in the presence of stimuli B 1, B2, and B3, but was never reinforced in the presence of stimuli A 1, A2, A3, C1, C2, and C3; test probe trials were presented in extinction. All trials were separated by a 1-s intertrial inteNal. The phase ended when subjects had achieved a mastery criterion of 28/30 or 93% correct per 30-trial block. Subjects who achieved this criterion were then tested for the emergence of symmetry and equivalence relations (Phases 8 and 9). Subjects who did not demonstrate criterion performance after three 30-trial blocks received remedial training and were retested for the transfer of function (Phases 6 and 7).
Phase 6: Remedial conditional discrimination training. The purpose of this phase was to retrain the stimulus relations that subjects had previously learned, to improve their performance on the retest for transfer of function. Subjects were exposed to a second conditional discrimination training phase, in which mixed A-B and A-C relations were retrained. The procedure was identical to that used to train the mixed relations in Phase 3. After a criterion of 93% correct per 30-trial block was attained in mixed A-B and A-C conditional discrimination training, the test for transfer of function was repeated.
Phase 7: Retest for transfer. Phase 7 was identical to Phase 5. If after three 30-trial blocks subjects had still not achieved 93% mastery criterion, the phase ended.
Phase 8: Test for symmetry. In Phase 8 the emergence of six symmetry relations (B1-A 1, B2-A2, B3-A3, C1-A 1, C2-A2, and C3-A3) was assessed. Subjects received no instructions prior to this phase, but the computer screen background was blue to establish a context for the same task that was required during Phase 3. The order of stimulus presentations was determ ined randomly. No feedback was given for correct matches; the test was conducted in extinction. If the correct comparison stimulus was selected, the sample and matching comparison stimuli did not become outlined in black as they had during conditional discrimination training. The phase ended after 30 trials.
Phase 9: Test for equivalence. Phase 9 was identical to Phase 8 except that the emergence of six equivalence relations (81-C1 , 82-C2, 83-C3, C1-81, C2-82, and C3-83) was assessed.
Results
All subjects' responding came under FR 5 control during pretraining. Table 1 shows the number of trial blocks required for each subject to attain criterion following the correction procedure during conjunc FR 5 t1 < IRT < t2 training. Also shown in Table 1 is the number of trial blocks required for each subject to attain criterion during the A-8, A-C, and mixed A-8 and A-C training sets during conditional discrimination training, as well as the number of trial blocks required for each subject to attain criterion during conjunc FR 5 t1 < IRT < t2 retraining. Test for transfer. Transfer of function was evaluated by visually examining the proportion of IRTs that occurred in the presence of each test stimulus during each 3D-trial block of the transfer test. Transfer was said to occur if all of the I RTs that occurred in the presence of each test stimulus fell between the lower and upper bounds required for the corresponding training stimulus. In other words, transfer of function from 81 to A1 and C1 was held to occur if all of the IRTs that occurred in the presence of A 1 and C1 fell between 0 and 0.3 s; from 82 to A2 and C2 if all of the IRTs that occurred in the presence of A2 and C2 fell between 0.5 and 1.5 s; and from 83 to A3 and C3 if all of the IRTs that occurred in the presence of A3 and C3 fell between 1.5 and 3 s. All IRT values were rounded to the nearest hundredth. The figure shows that the test stimuli occasioned responding that was consistent with each conjunc FR 5 t1 < IRT < t2 schedule that was in effect for each training stimulus. The proportion of IRTs that fell between the lower and upper bounds required for each training stimulus was high for all of the test stimuli; no IRTs were observed to occur outside of those bounds for any of the test stimuli. Shown in the Appendix are IRT proportions for all 6 subjects, calculated separately for each test stimulus during each subject's last 30-trial test block. Subjects 1, 3, 4, and 5 did not demonstrate transfer of function to any of the test stimuli, and likewise did not achieve criterion during the transfer test phase. There was no observable trend across the performances of these 4 subjects in the proportion of I RTs that occurred in the presence of test stimuli.
Remedial training and transfer retest. Subjects 1, 3, 4, and 5 were retrained on mixed A-B and A-C relations. Table 1 shows the number of trial blocks required for each subject to attain criterion during conditional discrimination retraining. After the demonstration of criterion performance, the test for transfer was repeated. None of the 4 subjects demonstrated transfer of function, nor did they demonstrate criterion performance during the transfer retest.
Tests for symmetry and equivalence. Figure 4 shows the proportion of responses accurate during symmetry and equivalence tests for all 6 subjects. The performances of 4 of the 6 subjects were consistent with the establishment of three 3-member equivalence classes. Subject 1 performed with 80% accuracy on the symmetry test and 100% accuracy on the equivalence test. Subject 2 performed with 100% accuracy on both tests. Subjects 3 and 4 performed poorly on both tests: Subject 3 demonstrated 57% accuracy on the symmetry test and 33% accuracy on the equivalence test, and Subject 4 demonstrated 63% accuracy on the symmetry test and 37% accuracy on the equivalence test. Subject 5 performed with 86% accuracy on the symmetry test and 90% accuracy on the equivalence test, and Subject 6 performed with 100% accuracy on both tests.
Discussion
The performances of Subjects 2 and 6 in Experiment 1 indicate that discriminative control over conjunc FR 5 t1 < IRT < t2 responding can transfer through symmetry and equivalence relations, and that the test for equivalence may not be necessary for such transfer to occur. The test stimuli that had entered into symmetry relations with training stimuli did not appear to exert better control over responding than did those that had entered into equivalence relations with training stimuli.
Of the subjects who did not show transfer of function, 2 also performed quite poorly on the symmetry and equivalence tests. Both 
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Figure 4. Proportion of trials accurate for the symmetry and equivalence tests for all subjects in Experiment 1. subjects, Subjects 3 and 4, had difficulty in acquiring the baseline relations, particularly Subject 3. Both subjects' poor test performances may have been caused by the establishment of only weak stimulus relations. What is unclear, however, is the fai lure of Subjects 1 and 5 to demonstrate transfer of function, as both subjects performed with high accuracy on the symmetry and equivalence tests. There are two procedural issues which may be related to this discrepancy: First, with the exception of the correction procedure in effect during Phase 2, no feedback was given for incorrect responding during any of the training phases. This extinction contingency may have thus come to serve as feedback that a response was incorrect, such that during the transfer test, the failure to produce points on test probe trials may have prompted subjects to respond differently the next time the same stimulus was presented. Second, it is possible that Subjects 1 and 5 would have demonstrated transfer of function had they been retested following the tests for symmetry and equivalence. Unfortunately, no such retest was conducted. In Experiment 2, incorrect responding was punished during training, and subjects who did not demonstrate criterion performance during the first transfer test were retested for transfer of function following the equivalence test.
Experiment 2
Method Participants
Acting as participants were 5 adults (1 male and 4 females) enrolled in undergraduate psychology courses. They were recruited, compensated, and debriefed as described in Experiment 1.
Apparatus and Stimuli
Apparatus and stimuli were identical to those in Experiment 1.
Procedure
The procedure was identical to Experiment 1 with the following two exceptions: First, incorrect conjunc FR 5 t1 < IRT < t2 responding was punished during Phases 2-4 (following the correction procedure implemented during Phase 2) and during Phase 6 with the loss of a point and the statement, "Wrong! Minus one point!" During Phases 5 and 7, incorrect conjunc FR 5 t1 < I RT < t2 responding which occurred in the presence of training stimuli was punished, but no feedback was given for responding in the presence of the test stimuli. Second, subjects who did not demonstrate criterion performance during Phases 5 or 7 were retested for transfer of function following Phase 9. All subjects were tested for the transfer of function through symmetry and equivalence relations, with the same number of presentations of each stimulus as received by Subjects 4-6 in Experiment 1 (a total of 12 probe trials per each 30-trial block).
Results
All subjects' responding came under FR 5 control during pretraining. Table 2 shows the number of trial blocks required for each subject to attain criterion following the correction procedure during conjunc FR 5 t1 < IRT < t2 training. Also shown in Table 2 is the number of trial blocks required for each subject to attain criterion during the A-B, A-C, and mixed A-B and A-C training sets during conditional discrimination training, as well as the number of trial blocks required for each subject to attain criterion during conjunc FR 5 t1 < IRT < t2 retraining.
Test for transfer.
Transfer of function was evaluated in the same manner employed in Experiment 1. Shown in the Appendix are I RT proportions for all 5 subjects, calculated separately for each test stimulus during each subject's last 30-trial test block. None of the subjects Table 2 Trial Blocks to Criterion for Each Training Phase of Experiment 2, per Subject demonstrated transfer of function to any of the test stimuli, nor did any of the subjects achieve criterion during the transfer test phase. There was no observable trend across the 5 subjects in the proportion of IRTs that occurred in the presence of test stimuli during the first 30-trial testing block, yet after repeated testing subjects' responding resembled responding that had been directly trained in the presence of B1; that is, subjects responded very quickly in the presence of all of the test stimuli. Such performances were not considered to be indicative of "genuine" transfer of function to A 1 or C1, as it is likely that because responding rapidly terminated the trial rapidly, trial termination may have served to reinforce high-rate responding in the presence of all of the test stimuli. Remedial training and transfer retest. All subjects were retrained on mixed A-B and A-C relations. Table 2 shows the number of trial blocks required for each subject to attain criterion during conditional discrimination retraining. After the demonstration of criterion performance, the test for transfer was repeated. None of the subjects demonstrated transfer of function on the retest, nor did any of the subjects demonstrate criterion performance during the transfer retest. Rather, responding on test probe trials was similar to that demonstrated during the first test for transfer; IRTs generally fell between 0 and 0.3 s for a given FR 5. Tests for symmetry and equivalence. Figure 5 shows the proportion of responses accurate during symmetry and equivalence tests for all 5 subjects. The performances of 4 of the 5 subjects were consistent with the establishment of three 3-member equivalence classes. Subjects 7 and 11 performed with 100% accuracy on the symmetry test and 87% accuracy on the equivalence test; Subject 8 performed with 97% accuracy on the symmetry test and 87% accuracy on the equivalence test; Subject 9 performed with 100% accuracy on both tests; and Subject 10 performed with 100% accuracy on the symmetry test and 33% accuracy on the equivalence test.
Second transfer retest. Figure 6 presents transfer test performances by Subjects 7 and 8, for training and test stimuli. Both subjects demonstrated performance indicative of transfer of function during the first 30-trial testing block. The figure shows that the test stimuli occasioned responding that was consistent with each conjunc FR 5 t1 < IRT < t2 schedule that was in effect for each training stimulus. The proportion of IRTs that fell between the lower and upper bounds required for each training stimulus was high for all of the test stimuli. Responding of the other subjects on test probe trials was similar to that demonstrated during the first test for transfer.
Discussion
The performances of Subjects 7 and 8 in Experiment 2 further indicate that discriminative control over conjunc FR 5 t1 < I RT < t2 responding can transfer through symmetry and equivalence relations, but, contrary to the results obtained from Experiment 1, the symmetry and equivalence tests were necessary for such transfer to occur. Both subjects performed with high accuracy during the equivalence test, so transfer of function through equivalence relations following the test for equivalence was not surprising, as the Band C stimuli occurred in direct proximity with each other and conditions were optimal for transfer of function to occur. Because it has been suggested that transfer of function following the test for equivalence is not reflective of "genuine" transfer of function, as transfer of this sort can be accounted for by a second-order conditioning, stimulus compounding effect (e.g., Barnes & Keenan, 1993) , further attempts to demonstrate the transfer of function through equivalence relations prior to the test for equivalence were in order.
Subjects 9 and 11 performed with high accuracy on both the symmetry and equivalence tests, so it is surprising that they too did not demonstrate transfer of function following the test for equivalence.
It was noted that there was no observable trend across the first transfer test performances of the 5 subjects during the first 30-trial testing block, yet after repeated testing subjects responded at a high rate in the presence of all of the test stimuli, with IRTs falling between 0 and 0.3 s. That subjects' responding on test probe trials during the transfer tests did not change with repeated testing provides evidence that the extinction contingency did not serve as feedback that responses were incorrect, as it may have in Experiment 1. It is possible that the unreinforced probe trials caused subjects to respond quickly to terminate the trial.
A concern in conducting research with humans involves the extent to which subjects are instructed. Subjects in Experiments 1 and 2 were given no instructions that pertained directly to their performances during the transfer tests, and the other instructions that they were given were minimal. Other studies have reported providing subjects with instructions that pertained more directly to their performances during the testing phases; for example, ; Greenway et al. (1996) ; and Wulfert and Hayes (1988) all reported informing subjects that although they would not always be provided with feedback, there was a correct response for every trial. Because instructions like these were not used during the first two experiments, it is considered noteworthy that positive results were obtained from some subjects. In Experiment 3, subjects were given instructions similar to those reported in other studies immediately before the transfer test phase. The purpose of these instructions was to alleviate any potential effects of the lack of feedback that seemed to be problematic during the tests for transfer during Experiments 1 and 2. It was reasoned that if subjects were told that there was a correct way to respond on each trial, they might not respond rapidly in the presence of all of the test stimuli as they had during Experiment 2.
Experiment 3
Method Participants
The subjects were 4 adults (2 males and 2 females) enrolled in undergraduate psychology courses. They were recruited, compensated, and debriefed as described in Experiment 1.
Apparatus and Stimuli
Apparatus and stimuli were identical to those in Experiment 1 .
Procedure
The procedure was identical to Experiment 2 with the following exception. Prior to the first test for transfer, subjects were given the following instructions.
The next part of the experiment is similar to a part that you have already completed, in which responses were to be timed in certain ways. You are to continue responding as you have, but now, you will not always be told whether a response was correct or incorrect. However, there will always be a correct response. Please continue to do your best and ATTEND CAREFULLY.
Results
All subjects' responding came under FR 5 control during pretraining. Table 3 shows the number of trial blocks required for each subject to attain criterion following the correction procedure during conjunc FR 5 t1 < IRT < t2 training. Also shown in Table 3 is the number of trial blocks required for each subject to attain criterion during the A-B, A-C, and mixed A-B and A-C training sets during conditiona l discrimination training, as well as the number of trial blocks required for each subject to attain criterion during conjunc FR 5 t1 < IRT < t2 retraining. Test for transfer. Transfer of function was evaluated in the same manner employed in Experiments 1 and 2. Figure 7 presents transfer test performances for Subjects 12 and 13, and Figure 8 presents transfer test performances for Subjects 14 and 15, for training and test stimuli. The figures show that the test stimuli occasioned responding that was consistent with each conjunc FR 5 t1 < I RT < t2 schedule that was in effect for each training stimulus for all subjects. The proportion of I RTs that fell between the lower and upper bounds required for each training stimulus was high for all of the test stimuli; no IRTs were observed to occur outside of those bounds for any of the test stimuli. These data reflect Subject 12's and Subject 14's performances during the first testing block, Subject 13's performance during the second testing block;
and Subject 15's performance during the third testing block. Shown in the Appendix are IRT proportions for all 4 subjects, calculated separately for each test stimulus during each subject's last 30-trial test block.
Remedial training and transfer retest. None of the subjects were retrained on mixed A-B and A-C relations, nor were any of the subjects retested for transfer of function.
Tests for symmetry and equivalence. Figure 9 shows the proportion of responses accurate during symmetry and equivalence tests for all four subjects. All of the subjects' performances were consistent with the establishment of three 3-member equivalence classes. All of the subjects performed with 100% accuracy on the symmetry test. Subjects 12 and 14 performed with 100% accuracy on the equivalence test, and Subject 13 and 15 performed with 97% accuracy on the equivalence test. 
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Equivalence Test Figure 9 . Proportion of trials accurate for the symmetry and equivalence tests for all subjects in Experiment 3.
Second transfer retest. None of the subjects were retested for transfer of function.
Discussion
The results of Experiment 3 support the previously established conceptualization that stimulus functions can transfer through equivalence classes, prior to the formal test for equivalence. This finding is in accordance with findings from other studies (Hayes et aI., 1991; Wulfert & Hayes, 1988) . Because no differences were observed between the derived control exerted by test stimuli that had entered into symmetry relations with training stimUli, versus those that had entered into equivalence relations with training stimuli, it can be concluded that when transfer of stimulus functions does occur through equivalence relations, derived control is as effective as would be the case had the stimuli been directly paired.
General Discussion
The three experiments reported succeeded in accomplishing the study's three aims: First, it was shown that discriminative control over conjunc FR 5 t1 < IRT < t2 responding can transfer through equivalence classes. These findings can thus contribute to the growing body of evidence for the transfer of stimulus functions through equivalence classes, with an eye toward derived control over temporal properties of behavior. Second, the formal test for equivalence may not always be necessary for the transfer of stimulus functions to occur-discriminative control over conjunc FR 5 t1 < I RT < t2 responding can transfer through equivalence classes "genuinely" (Barnes & Keenan, 1993) . Third, test stimuli which have entered into symmetry relations with training stimUli, such that the stimuli have been directly paired, will not necessarily be more effective at occasioning appropriate responding than test stimuli which have entered into equivalence relations with training stimuli, in which case the stimuli have been only indirectly paired.
Why was the procedure employed in Experiment 3 the most successful at generating reliable transfer test performances? As previously noted, a difficulty in Experiment 1 seemed to be the extinction procedure in effect for inaccurate responding during the training phases, such that the lack of feedback delivered on test probe trials during the test for transfer may have likewise informed subjects that their responding was inaccurate. (It is interesting to note, however, that a similar effect was not observed during the symmetry and equivalence tests, which were presented completely in extinction.) Attempts were made to resolve this issue in Experiment 2, by punishing inaccurate responding during the training phases, such that the lack of feedback for responding on the test probe trials during the test for transfer functioned as just that, lack of feedback. However, because only 2 of the subjects in Experiment 2 demonstrated performance indicative of transfer of function and did so following the symmetry and equivalence tests, we cannot be certain that the punishment contingency implemented during the training phases was the only factor relevant to the results obtained in Experiment 3. Decreasing the rate of reinforcement during discrimination training (Phases 2 and 4) might have circumvented some of the difficulties encountered during the transfer tests of Experiments 1 and 2.
It is possible that the instructions subjects were given prior to the first test for transfer in Experiment 3 contributed to the reliable demonstration of transfer of function. The extent to which instructions contribute to the success of a procedure is a source of concern in human operant research, but the instructions subjects were given prior to the test for transfer did not inform them as to what entailed correct responding on test probe trials; rather, the instructions encouraged subjects to respond in a way that they considered correct. It is conceivable that the subjects in Experiment 2 were "aware" of the correct way to respond on test probe trials, but they simply preferred to respond quickly, as previously noted, to remove the test stimuli and commence with the next trial. Thus, because the instructions did not specify or define correct responding during the test for transfer, and because the instructions used were similar to those reported in other transfer of function studies (Dougher et ai, 1994; Greenway et aI., 1996; Wulfert & Hayes, 1988) , it is doubtful that the results from Experiment 3 can be accounted for solely by instructional, versus contingency, control.
To what, then, can the failure to demonstrate transfer of function by some of the subjects in Experiments 1 and 2 be attributed? One possibility is that contextual control prevented the transfer of function, or class union, and instead caused the classes to remain separate (see Sidman, 1994, pp. 528-530) . One particular contextual stimulus, in the form of the computer screen background color, was present during discrimination training and the transfer test and retest (Phases 2, 4, and 7), and a different contextual stimulus was present during conditional discrimination training and the symmetry and equivalence tests (Phases 3, 6, 8, and 9) . The contextual stimuli were presented so as to facilitate generalization from the training phases to the test phases , but it is possible that because of the different contextual stimuli, subjects discriminated the two tasks-timing and conditional discriminations-as unrelated, even though common stimuli were involved in each . In other words, subjects may have responded to the stimuli as members of one class in one context, and as members of another class in the other context. The instructions used in Experiment 3 may have served to override this contextual control. This possibility suggests the value of further examinations of contextual control over function transfer (e.g., Gatch & Osborne, 1989; Greenway et aI., 1996) .
That temporal properties of responding such as IRTs can be differentiated demonstrates the sensitivity of local features of behavior to environmental control. That temporal properties of responding can be differentiated in the absence of direct conditioning has remarkable implications for understanding complex forms of behavior. This set of experiments represents an important step in that direction. Continued experimental analyses of the relation between timing and stimulus classes is certain to be profitable. 
